S
tereotactic radiosurgery (SRS) is a minimally invasive treatment that has been utilized for a wide variety of pathological conditions, including benign and malignant brain tumors, vascular lesions such as arteriovenous malformations (AVM), and pain syndromes like trigeminal neuralgia, for the past 50 yr. [1] [2] [3] [4] [5] [6] [7] [8] In SRS, a precise radiation beam is administered to obliterate tumors considered inoperable because of other factors like size and location. Tumor locations are isolated via computed tomography (CT) or magnetic resonance imaging, and SRS allows precise delivery of radiation to obliterate tumors with little to no damage to the surrounding tissue. 9 This is in contrast to open surgery, which can result in surgical and postoperative complications. SRS has a low rate of complication, resulting in faster recovery period for patients, making it one of the most effective treatments for various types of brain tumors. As such, it is the preferred method of tumor treatment, especially for a tumor considered inoperable due to its location and size.
As a constantly evolving field, the neurosurgery residency training in SRS has also changed and expanded in recent years. The Accreditation Council for Graduate Medical Education Accreditation Data System software that residents use to report their caseloads has reported that the United States national neurosurgery resident experience in radiosurgery in 2011 included an average of 3 AVMs, 25 tumors, 5 functional neurosurgery cases, 3 spine cases, and 1 pediatric SRS case. 10 However, an American Association of Neurological Surgeons (AANS) and American Society for Radiation Supplemental digital content is available for this article at www.neurosurgery-online.com.
Oncology (ASTRO) resident survey study that evaluated residents' opinions on current radiosurgical training noted that only 17% indicated a formal SRS rotation was part of their residency training program, even though 97% anticipated performing radiosurgery in postresidency clinical practice.
3 SRS requires a different skill set than traditional open neurosurgical procedures. As such, specialized training courses are necessary to improve residents' knowledge and technique performance. 11 According to the AANS and ASTRO resident survey results, after a 3-d course focused on intracranial and spinal radiosurgery, the mean self-assessment scores for understanding indications and techniques increased by 43% and 89%, respectively. 3 Nonetheless, residency programs across the United States, Canada, and Mexico lack a structured SRS curriculum, and training opportunities vary significantly. 10, [12] [13] [14] Currently, very few centers offer extensive education and for skill development opportunities. Junior residents participate in patient preparation, dose planning, online radiosurgery courses, and few focused rotations that may last 3 to 4 mo. 10 Senior residents often only obtain additional elective experience during practice. Therefore, there are currently no clear program requirements for neurosurgical SRS training and very few programs offer hands-on experience. 10 In an effort to assess the training, practice of, and opinions on SRS, we polled responses from residents, attendings, and program directors across the United States, Canada, and Mexico regarding their SRS training experience.
METHODS

Survey Generation and Collection
Three surveys (provided in Supplemental Digital Content 1-4) were developed to assess the training, practice, and views of neurological surgery residents, attendings, and program directors on SRS. Survey questions were devised and vetted by an SRS working group of the AANS and CNS Tumor Section.
A total of 3227 members of the Congress of Neurological Surgeons (CNS) who were current residents, attendings, or program directors were emailed links to the survey on Survey Monkey by CNS administration in January 2018. All survey responses were collected voluntarily and anonymously. All individuals who had not responded to the survey received reminders after 2 wk. The survey was open for a total of 45 d. The data were collected at CNS office and then sent to the authors for review and analysis.
Statistical Analysis
All analyses were completed on the IBM SPSS Statistics for Windows, Version 25 (IBM SPSS Statistics for Windows, IBM Corporation, Armonk, New York).
RESULTS
Demographics
There was a 23.02% overall response rate. Results were collected from 322 residents (19.10% of those who received the survey). Not all questions were answered by every resident, so data provided include all available responses. Residents were relatively evenly distributed across postgraduate years with the least responses from PGY-1 and PGY-2 residents (n = 33, 10.25% of respondents for each year) and the most responses from the PGY-5 residents (n = 69, 21.43%; Almost half (45.54%) of the program directors responded to the survey. These attendings varied in terms of years in clinical practice after residency or fellowship, with 34.33% in their first 5 yr, 14.63% in years 6 to 10, 23.28% in years 11 to 20, and 27.76% having been in practice for over 20 yr. Neurosurgical oncology was most represented (with 74.31% of attendings surveyed reporting it as one of their subspecialties), followed by skull base surgery (41.59%), and spinal surgery (36.70). Interestingly, 27.83% of attendings surveyed indicated stereotactic neurosurgery as one of their subspecialties.
Training
Only 17.2% of the residents were in programs that offered a standalone SRS fellowship or one that included SRS among other topics (Table 2 ). Residency directors noted that 65.96% of their faculty had not completed a fellowship in SRS or one that included stereotactic surgery. Similarly, 74.47% of their programs did not offer such a fellowship (nor were they planning on doing so, as 86% of residency directors did not plan on initiating a fellowship in SRS in their respective programs). Only 16.12% of the attendings surveyed had completed a fellowship in SRS after residency; 9.25% had participated in an enfolded fellowship (Table 2) . Just over half the attendings (51.95%) had completed a rotation in SRS and 31.04% had taken an extramural course such as those run by AANS or ASTRO (Table 2) . Regarding SRS training during residency, 63.6% of residents had a required training, elective training, or both (Table 3) . If this type of training was available, it was often a part of another rotation (28.90%). Residency directors revealed that 61.70% of their programs had a required rotation in SRS for their residents. However, at the time of survey response, only 26.51% of residents had completed a formal SRS rotation.
Residency directors reported that 57.78% of their programs included the required SRS training as part of another rotation and that only 30.43% of programs had an elective rotation in SRS. If their programs provided an elective SRS rotation, 28.21% of residency directors noted that it was part of another rotation.
The length of SRS rotations varied considerably. Residents described rotations that ranged from 2 wk to 1 yr, with the most responses for 1-mo and 3-mo long rotations (Table 4) . Program directors described their required SRS rotations as ranging from less than 1 wk to 1 yr; elective SRS rotations ranged from less than 1 wk to 4 or more months.
About one-fifth of residents (20.83%) agreed or strongly agreed that they planned to pursue a fellowship that included SRS after residency; 48.33% disagreed or strongly disagreed with the statement. Nonetheless, 59.58% of residents planned to incorporate SRS into their practice after training, while 8.75% disagreed with this sentiment (31.67% were undecided). Most residents (68.20%) expected to perform 10 to 50 cases in their SRS rotation, while 22.58% expected to perform fewer than 10 in the rotation.
Exposure and Preparedness
Most residents had been exposed to Gamma Knife Technology (73.25%; Elekta AB, Stockholm, Sweden), with some also being exposed to LINAC (28.95%) and Cyberknife (15.35%; Accuray Inc, Sunnyvale, California). When polled on the statement "I am satisfied with my residency training in SRS," almost half of the attendings (48.77%) were satisfied, 35.89% disagreed or strongly disagreed, and 15.34% were undecided.
When residents were queried about whether they agreed or disagreed with the statement "I can recognize and manage stereotactic radiosurgery complications," 28.63% disagreed or strongly disagreed, and 41.94% agreed or strongly agreed. Similarly, 54.44% of residents did not feel prepared to handle complications related to SRS, as assessed by their disagreement with the statement. When asked "To what extent do you agree or disagree with the following statement: I understand the indications for intracranial and spinal stereotactic radiosurgery," 80.24% of residents surveyed agreed or strongly agreed.
Practice
Of the residents surveyed, there was a wide range in the number of faculty members performing stereotactic surgery at each institution, with the largest subset of residents (27.38%) reporting 5 or more faculty members practiced SRS (Table 5 ). Attendings and program directors surveyed showed similar results, with 23.35% and 31.37% reporting 5 or more neurosurgeons practicing SRS, respectively (Table 5) . Most attendings had a LINAC system available to them (76.07%, 248 of 326 respondents), with Gamma Knife (Elekta) following in popularity (46.93%, 153 of 326 respondents).
One promising result, however, is that 93.33% of residency directors reported that research projects in SRS were available to their residents.
Importance of SRS
Residency program directors agreed across the board that SRS was an important part of their neurosurgery resident training curriculum, with 91.30% agreeing or strongly agreeing with the sentiment (6.52% were undecided and 2.17% strongly disagreed).
Intracranial vs Spinal SRS
Both residents and attendings performed more intracranial SRS cases than spinal SRS cases. Residents commonly participated in fewer than 50 intracranial SRS cases (44.53% having participated in 1-10 and 31.58% participating in 10-50 cases), with 16.60% not having participated in any intracranial SRS cases (Table 6 ). In contrast, 78.23% of residents had not participated in any spinal SRS cases, with 19.76% having participated in 1 to 10 cases (Table 6) .
Similarly, residents were more comfortable performing intracranial SRS than spinal stereotactic surgery. While 30.24% of residents agreed or strongly agreed with the statement "I am comfortable performing intracranial stereotactic radiosurgery," only 6.48% of residents agreed or strongly agreed with the statement "I am comfortable performing spinal stereotactic radiosurgery" (Figure) . Correspondingly, 49.19% of residents disagreed or strongly disagreed with the first statement about intracranial SRS comfort and 79.76% of residents disagreed with the second (comfort performing spinal SRS; Figure) . Unsurprisingly, attendings performed more intracranial SRS procedures than spinal SRS procedures. Most (61.98%) attendings agreed or strongly agreed with the phrase "I routinely perform intracranial stereotactic radiosurgery in clinical practice," while only one-quarter (23.35%) agreed or strongly agreed with "I routinely perform spinal stereotactic radiosurgery in clinical practice" (Figure) .
Interestingly, the number of intracranial SRS cases that attendings performed varied from zero to over 50, with most performing less than 50 cases yearly. The number of spinal SRS cases performed was less than intracranial SRS, as expected. Over the course of the year, 24.3% of attendings participated in fewer than 10 spinal SRS cases, while almost 60% did not participate in any SRS cases at all (Table 7) .
Involving Other Professions
Of the residents polled, 68% agreed or strongly agreed with the statement "During my stereotactic radiosurgery elective or rotation, I interact with the radiation oncologist team regularly," while 11.56% disagreed or strongly disagreed. Over half the attendings polled (54.22%) reported some SRS cases being performed at their institution without any neurosurgical involvement.
Improvements
When polled on suggestions for improving SRS training, 75 residents suggested including at least 1 formal SRS rotation. One hundred thirty attendings provided a wider variety of suggestions including a residency rotation (43.85%), live courses (14.62%), fellowship, more SRS cases in general, and mentorship.
When asked how much attendings agreed or disagreed with the statement "I am interested in further training in stereotactic radiosurgery," there were similar rates of agreement versus disagreement (41.77% and 42.38%, respectively). Of those who provided a response for how long they would be willing to spend in SRS training, most (68.70%) revealed they would prefer fewer than 7 d.
DISCUSSION
The field of SRS is growing and evolving, and its training for residents should as well. While the American and European competency guidelines recognize SRS as an important skill for neurosurgical residents to have, the actual residency education has not been standardized. 12, 15, 16 This results in residents receiving a wide range of training duration and breadth, which can affect their competency and confidence levels. Our study found that while most residents are exposed to Gamma Knife technology (Elekta AB), a smaller number have exposure to LINAC or Cyberknife (Accuray Inc). Only one-sixth of the residents surveyed had an SRS fellowship available to them (and attendings reported similar percentages of having completed such a fellowship). Although almost all residency program directors (91.3%) viewed SRS as an important part of their resident curriculum, only 61.7% had a required rotation in SRS. Furthermore, these SRS rotations seem to be short and frequently embedded within another rotation.
Several other studies and surveys have found that a significant number of residents and attendings find their SRS training inadequate. 11, 17, 18 In our study, we found that fewer than half of the attendings surveyed were satisfied with their residency SRS training. In fact, almost 42% of attendings were interested in completing additional SRS training. Currently, there The need for this kind of training to be expanded or offered more broadly is evident when examining the results of our survey: over one-third of attendings were not satisfied by their residency training in SRS, and over half of the residents surveyed did not feel prepared to handle complications related to SRS. Overall, residents' competency for both intracranial and spinal SRS was lower than expected. At the same time, 80% of residents agreed with the statement "I understand the indications for intracranial and spinal stereotactic radiosurgery," which suggests that the changes in radiosurgery education and training should focus on the practice and management of SRS instead of the initial steps, such as planning, for which residents seem well prepared. Lastly, residents and attendings were more comfortable with and performed far more intracranial SRS cases than spinal SRS cases. The increased prevalence of intracranial SRS cases, as compared to spinal SRS cases, is likely to explain for the increased self-reported competence in intracranial SRS cases; on the other hand, being less comfortable with spinal SRS cases could be a factor in attendings choosing to approach spinal tumors with other treatment methods such as surgery. Additionally, radiation oncologists are comfortable performing spinal SRS without a neurosurgeon since it is an extension of stereotactic body radiation therapy. It will be valuable to see in future years whether this distinction is maintained or whether it disappears -in which case, spinal SRS education will become even more necessary.
Interestingly, over half the attendings (54.22%) reported SRS cases being performed at their institution without neurosurgical involvement. One possible cause of this could be the dearth of neurosurgical training in SRS, residents' unease with performing intracranial and spinal SRS cases, and residents' lack of knowledge of SRS complications. In addition, frameless SRS has resulted in a higher percentage of cases being performed by radiation oncology alone (without a neurosurgeon present). Better residency education in SRS could ameliorate this deficiency. This could be another avenue for change in the future, as the collaboration and partnership between neurosurgeons and radiation oncologists in the field of SRS could lead to better patient outcomes.
Our results show the necessity of better incorporating SRS education into the neurosurgery residency training curriculum. We suggest accomplishing this goal via a required 3-to 4-mo rotation (with options for a longer 6-mo fellowship) in cranial and spinal SRS that includes lectures, observation, and SRS planning and simulation modules. This would allow residents appropriate training during residency without having to seek out educational opportunities (through AANS and ASTRO courses at national conferences, for example) other than for additional training and practice. Additionally, we propose the establishment of an elective rotation that could last 2 to 3 mo as well as expanding the AANS/ASTRO course in order to form a centralized SRS training for neurosurgical residents. We highly recommend the attendance at an AANS/CNS course for all graduating residents and young attendings in the field.
Limitations
Limitations of our study include the biases from analyzing results of a voluntary survey. Those who responded could have been individuals who felt strongly that their program did or did not prepare them well for SRS, which may skew the results. Since the survey was distributed by the CNS, that could have affected how respondents viewed its purpose, distribution, and goals. Attendings who responded may primarily be Tumor Section members based on the reported numbers of individuals in neurooncology and those who had completed fellowship training. Finally, the anonymous survey may have inadequately provided write-in responses for individuals to completely express their views.
CONCLUSION
Our survey of residents, attendings, and program directors across the United States, Canada, and Mexico showed that SRS is valued as an important part of the neurosurgery resident training curriculum. However, the current curriculum lacks standardized educational materials and opportunities for residents across the country to fully understand the practice of SRS, from planning to management. Residents do not feel completely prepared to handle the risks of SRS and a significant portion of attendings are willing to engage in further education. Our results suggest several opportunities for additional residency SRS rotations and other training programs for new attendings.
